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摘  要 
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xLi3NbO4·(1-x)LiMnO2 (x = 0.11, 0.25, 0.43, 0.67)。通过优化合成条件，确定了最
优的材料合成温度和反应时间，并结合 XRD 分析，确定当 x 取值在 0.25~0.67 之
间时,可合成出纯固溶体晶相材料，该晶相属立方晶系，为 Fm-3m 空间群。论文
选择 x = 0.43 和 x = 0.25 的两种材料开展相应的电化学研究。电化学研究结果表
明，x = 0.43 和 x = 0.25 的样品均具有较好的电化学性能，首次放电比容量达到
了 216 mAh/g，相当于 1.8 个锂离子的脱嵌。虽然两者在长周期的充放电循环下
都有明显的容量和电压衰退，但 x = 0.25 的材料电压衰退更严重，我们推测这是
由于 x = 0.43 的材料含有更多的 Li3NbO4 组分，起到了稳定晶格结构的作用。 
为了进一步理解相关材料中 Li3NbO4 的作用及其相关的电化学反应机理,
我们选择 0.43Li3NbO4·0.57LiMnO2 材料对其充放电反应机理进行了深入研究。
非原位 XRD 测试结果表明: 该材料在充放电循环过程中结构较稳定，伴随着 Li+
离子的脱出，材料晶格常数减小，但整个循环过程中没有观察到新相出现。XPS
分析的结果表明，在充电过程中 Mn3+ 被氧化到 Mn4+，而 Nb5+ 在充电过程中结
合能也向高能方向偏移，说明 Nb 在循环过程中也起到了提供电子的作用。比较
充放电循环到不同状态下 Mn 的 XAFS 测试进一步证实了 Mn 在充电过程中的价
态变化都是在 4.3V 以下完成的。整个充电过程可以分为两步，4.3V 以下时，脱



















制备了掺钴的含铌富锂材料 0.43Li3NbO4·0.57Li 1-xCoxO2 (x=0.25, 0.5)，XRD 测
试数据表明掺入了 Co3+ 的样品同样属于立方晶系，Fm-3m 空间群，Co3+取代了







































Lithium ion batteries have great potential in electrical vehicles and energy storage. 
A critical criterial for lithium ion batteries is the energy density. There are two ways to 
achieve a higher energy density: to elevate the average discharge voltage or to improve 
the specific capacity of the battery. The specific capacity of the anode is much larger 
than that of cathode, so cathode is now the key point of the battery research, and it is 
also very important to the energy density of the whole battery. Lithium rich materials 
are possible to release more lithium ions than traditional layered materials, therefore 
they attracted much attention of the researchers all over the world. 
In this paper, we optimized the synthesis conditions and successfully synthesized a 
series of Li3NbO4 based lithium excess materials xLi3NbO4·(1-x)LiMnO2 (x = 0.11, 
0.25, 0.43, 0.67). XRD results shows that the samples of 0.25≤x≤0.67 share the same 
structure. They are very well crystallized, have a cubic structure with space group of 
Fm-3m. Electrochemical study reveals that the samples with x = 0.25 or x = 0.43 has 
better electrochemical performance, they both deliver about 216 mAh/g in the initial 
cycle. Lithium rich materials always suffer from voltage decay, but the sample of x = 
0.25 decays more severely. We speculate that Li3NbO4 is critical in stabilizing the 
structure, because the sample with x = 0.43 has more Li3NbO4. 
We employed the sample 0.43Li3NbO4·0.57 LiMnO2 to research the mechanism of 
the electrochemical process. Ex-situ XRD results shows that the structure of the 
material is very stable, the extraction of lithium ions leads to the decrease of lattice 
parameter, but no new phase is observed in the whole process. XPS tests show that in 
the charging process, Mn3+ is oxidized to Mn4+, and the peaks of Niobium also shifts to 
higher binding energy, it proves that Niobium transfers extra electron to Oxygen. EX-
situ XAFS of Mn proves that Mn3+ is oxidized to Mn4+ before 4.3V. So the charging 
process can be divided into two stages, in the first stage, lithium ions are extracted from 
the structure and Mn3+ is oxidized to Mn4+, in the second stage, the oxidization of 

















We also successfully synthesized Co3+ doped material 0.43 Li3NbO4·0.57 LiMn1-
xCoxO2 (x=0.25, 0.5), XRD results indicates that the Co
3+ doped materials also has a 
rock-salt structure with Fm-3m space group. The lattice parameter decreases as the 
amount of Co3+ increases. The electrochemical tests shows that a moderate amount of 
Co3+ doped material has a decreased charge transfer resistance, the rate capability is 
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锂离子电池始于 20 世纪 70 年代，最早设计锂离子电池的是美国化学家 
M. Stanley Whittingham [11,12]，最早制备成功的锂离子电池的正极是硫化钛，负
极是金属锂，硫化钛结构中含有密排六方八面体原子团层，一层钛原子处于两
层硫原子之间，锂离子可以插入层状间隙中，放电时锂占据层间的八面体位，
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